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DESCRIPTION 

BALANCER DRIVEN GEAR OF ENGINE 

TECHNICAL FIELD 

[0001] 

The present invention relates to a balancer driven 
gear in a balancer device for removing imbalance in 
rotational inertia force during operation of a 

reciprocating internal combustion engine. 

r 

BACKGROUND ART 

[0002] 

Reciprocating internal combustion engines having a 
balancer device are known. In such a balancer device, a 
balancing weight corresponding to about half of a total 
reciprocating mass of the reciprocating piston, the 
connecting rod and so on is mounted on the crankshaft. A 
balancing weight of the same weight is mounted on a 
balancer shaft. The balancer shaft is rotated at the same 
speed as and in a direction opposite to the crankshaft to 
decrease or eliminate imbalance in rotational inertia 
forces produced by the aforesaid total reciprocating mass 
during the reciprocating motion. However, when the 
balancer device is driven by a gear drive method, gear 



teeth striking noises occur due to backlash between gears 
in each meshed portion. Particularly during idling 
operation of the engine, the gear teeth striking noises 
become loud. 
[0003] 

Means for preventing or reducing the gear teeth 
striking noises in the balancer drive system referred to 
above are known. In known means, a portion of gears for 
the transfer of rotational force from the crankshaft to 
the balancer shaft, is provided with elastic members, 
such as rubber members , interposed as dampers between the 
driving side and the driven side, and vibrations or the 
like transmitted from the crankshaft to the balancer 
shaft are damped to effect a smooth transfer of torque 
(see, for example. Patent Document 1). In this case, a 
measure for preventing the occurrence of an error at the 
time of assembling gears has been taken such as making 
the arrangement of the elastic members asymmetric or 
setting the number of gear teeth to an even number (see, 
for example, Patent Document 2). 
[0004] 

[Patent Document 1] 
JP 60-192145 A (Fig. 5) 
[Patent Document 2] 



JP 07-71532 A (Fig. 2, Reference numeral 11) 
DISCLOSURE OF THE INVENTION 

Underlying Problem to be solved by the Invention 

[0005] 

In the above conventional balancer driven gear, the 
arrangement of the damper structure or the setting of 
gear specifications is restricted, thus giving rise to 
the problem that the layout of the internal combustion 
engine is restricted in its degree of freedom. 
[0006] 

The object of the present invention is to provide a 
balancer driven gear of an engine, which is free from the 
above problem of restriction to the degree of freedom of 
the engine layout . 

Means for solving the Underlying Problem 
[0007] 

According to the present invention, for attaining 
the above object, there is provided a balancer driven 
gear of an engine comprising: a bush member having a boss 
portion fixed to a balancer shaft and a plurality of 
outward dowels projecting radially outward from an outer 
periphery of the boss portion; a gear member disposed 
coaxially with the bush member, the gear member having an 
annular portion with gear teeth formed on an outer 



periphery thereof and a plurality of inward dowels 
projecting radially inward from an inner periphery of the 
annular portion; the bush member and the gear member 
being assembled in such a manner that the outward and 
inward dowels are disposed alternately in a peripheral 
direction of the balancer driven gear; and elastic 
members provided between the outward dowels on the bush 
member and the inward dowels on the gear member; wherein 
at least one of shapes and dimensions of the outward and 
inward dowels are asymmetric with respect to an axis of 
the balancer driven gear. 

EFFECT OF THE INVENTION 

[0008] 

In the present invention constructed as described 
above, the bush member has the outward dowels projecting 
radially outward from the outer periphery of the boss 
portion, and the gear member has the inward dowels 
projecting radally inward from the inner periphery 
thereof. At least one of the shapes and dimensions of the 
outward and inward dowels is asymmetric. Therefore, when 
an assembling method other than a normal method is used, 
the tip of some dowel comes into interference with 
related parts. The dowel cannot be satisfactorily 
received in its normal position. For this reason, it is 



possible to carry out the assembly in the right way. Thus, 
the degree of freedom in the layout of the internal 
combustion engine is improved without being restricted by 
gear specifications . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 
[Fig. 1] 

Fig. 1 is a sectional view of a principal portion 
of an internal combustion engine to which a balancer 
driven gear according to an embodiment of the present 
invention is applied, the principal portion being cut 
along a plane including a cylinder axis and intersecting 
a crankshaft perpendicularly. 
[Fig. 2] 

Fig. 2 is a sectional view of the engine principal 
portion as cut along a plane including the crankshaft and 
a balancer shaft. 
[Fig. 3(a)] 

Figs. 3(a) illustrates a balancer driven gear shown 

in Figs. 1 and 2, being a section taken along the A - A 
line in Fig. 3(b) . 
[Fig. 3(b)] 

Figs. 3(b) is a section taken along the B — B line 
in Fig. 3(a) . 



[Fig. 4(a)] 

Figs. 4(a) is a view of a bush member as a 
component of the balancer driven gear, as seen axially of 
the bush member. 
[Fig. 4(b)] 

Figs. 4(b) is a sectional view taken along the B-B 
line in Fig. 4 (a). 
[Fig. 4(c)] 

Figs. 4(c) is a sectional view taken along the C-C 
line in Fig. 4 (a). 
[Fig. 4(d)] 

Figs. 4(d) is a sectional view taken along the D-D 
line in Fig .4(a) . 
[Fig. 5(a)] 
[0010] 

Figs. 5(a) is a view of a gear member as a 
component of the balancer driven gear, as seen axially of 
the gear member. 
[Fig. 5(b)] 

Figs. 5(b) is a sectional view taken along the B-B 
line in Fig. 5(a). 
[Fig. 5(c)] 

Figs. 5(c) is a sectional view taken along the C-C 
line in Fig. 5(a) . 



[Fig. 6(a)] 

Figs. 6(a) is a view of a damper rubber member as a 
component of the balancer driven gear, as seen axially of 
the damper rubber member. 
[Fig. 6(b)] 

Figs. 6(b) is a sectional view taken along the B-B 
line in Fig. 6(a) . 
[Fig. 6(c)] 

Figs. 6(c) is a sectional view taken along the C-C 
line in Fig. 6(a) . 

DESCRIPTION OF REFERENCE SIGNS 
[0011] 

1 ... Internal combustion engine; 3 ... Connecting rod; 
4 ... Crank shaft; 5 ... Web; 6 ... Crankpin; 7 ... 
Balancing weight; 8 ... Balancer shaft; 9 ... Balancing 
weight; 10 ... Balancer driving gear; 11 ... Balancer 
driven gear; 20 ... Bush member; 21 ... Boss portion; 
22 ... Disc portion; 23a, 23b, 23c, 23d, 23e, and 23f ... 
Outward dowel; 24a and 24b ... Recess (trough); 25 and 
26 ... Recess; 30 ... Gear member; 31 ... Annular 
portion; 31a ... Gear; 32 ... Flange portion; 33a, 33b, 
33c, and 33d ... Inward dowel; 34a and 34b ... Recess; 
35 ... Hole (window) ; 40 ... Damper rubber member; 41 ... 
Rubber block; 42 ... Connecting portion; 45 ... Spring 
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damper; 46 ... Washer; 47 ... Conical spring washer; 
48 ... Washer; 49 ... C- shaped retaining ring. 
BEST MODES FOR CARRYING OUT THE INVENTION 
[0012] 

Fig. 1 is a sectional view of a principal portion 
of an internal combustion engine 1 to which a balancer 
driven gear according to an embodiment of the present 
invention is applied. The principal portion is cut along 
a plane including a cylinder axis and intersecting a 
crankshaft perpendicularly. Fig. 2 is a sectional view of 
the engine principal portion as cut along a plane 
including the axes of the crankshaft and a balancer shaft. 
[0013] 

In these figures, the numeral 3 denotes a 
connecting rod, and numeral 4 denotes a crankshaft. An 
enlarged end portion of the connecting rod 3 is pivotally 
secured to a crankpin 6 provided in a web 5 of the 
crankshaft 4. The web 5 is integrally formed with a 
balancing weight 7 on the side opposite to the crankpin 6. 
[0014] 

A balancer shaft 8 is disposed in adjacency to and 
in parallel or substantially parallel with the crankshaft 
4 , and a balancer weight 9 is provided on the balancer 
shaft 8. The crankshaft 4 and the balancer shaft 8 are 
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drivingly connected with each other through a balancer 
driving gear 10 and a balancer driven gear 11. The 
balancer driving gear 10 is mounted on the crankshaft 4, 
and the balancer driven gear 11 is mounted on the 
balancer shaft 8 and meshes with the balancer driving 
gear 10, 

The balancer driving gear 10 and the balancer 
driven gear 11 are the same in diameter and also in the 
number of teeth, so that the balancer shaft 8 rotates at 
the same angular velocity as the crankshaft 4 in 
synchronism with and in a direction opposite to the 
crankshaft 4 . 
[0015] 

The balancing weight 7 is mounted on the crankshaft 
4 so as to be directed to the side opposite to a piston 2 
with respect to the crankshaft 4 on the axis of the 
cylinder, when the piston is at its top dead center. The 
balancing weight 9 is mounted on the balancer shaft 8 so 
as to be directed in the same direction as the balancing 
weight 7 with respect to the balancer shaft 8, when the 
piston is in the above position. By rotation of the 
balancing weights 7 and 9 in mutually opposite directions 
together with the crankshaft 4 and the balancer shaft 8, 
respectively, an inertia force produced by the 
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reciprocating masses of the piston 2, the connecting rod 

3 and so on is offset. 

[0016] 

Figs. 3(a) and 3(b) illustrate only the balancer 
driven gear 11 shown in Figs. 1 and 2. Figs. 4(a) to 6(c) 
illustrate component members of the balancer driven gear 
11, of which Figs. 4(a) to 4(c) illustrate a bush member 

20, Figs. 5(a) to 5(c) illustrate a gear member 30, and 
Figs. 6(a) to 6(c) illustrate a damper rubber member 40. 
[0017] 

First, Fig. 4(a) is a right side view of the bush 
member 20 as a component of the balancer driven gear 11, 
Fig. 4(b) is a sectional view as seen in the direction of 
arrow B-B in Fig. 4(a), Fig. 4(c) is a sectional view as 
seen in the direction of arrow C-C in Fig. 4(a), and Fig. 
4(d) is a sectional view as seen in the direction of 
arrow D-D in Fig. 4(a). 
[0018] 

The bush member 20 roughly includes a boss portion 

21, which is fixed to the balancer shaft 8, and a disc 
portion 22 integral with the boss portion 21. A plurality 
of outward dowels 23a, 23b, 23c, 23d, 23e, and 23f 
project radially outward from the boss portion 21. 
Recesses (troughs) 24a and 24b are formed respectively 



between the outward dowels 23a and 23b and between the 
outward dowels 23d and 23e so as to be located on 
opposite sides with respect to the axis of the bush 
member. As shown, the recess 24a is deeper than the 
recess 24b. Two recesses 25 and 25 each for insertion 
therein of a damper rubber member 40 to be described 
later are formed respectively between the outward dowels 
23b and 23c and between the outward dowels 23e and 23f so 
as to be located on opposite sides with respect to the 
axis. Further, two recesses 26 and 26 each for insertion 
therein of a spring damper 45 to be described later are 
formed respectively between the outward dowels 23c and 
23d and between the outward dowels 23f and 23a so as to 
be located on opposite sides with respect to the axis. As 
shown in Fig. 4(d), both edges of each recess 26 are 
deeper than the central portion of the recess. 
[0019] 

Next, Fig. 5(a) is a left side view of a gear 
member 30 as a component member of the balancer driven 
gear 11, Fig. 5(b) is a sectional view as seen in the 
direction of arrow B-B in Fig. 5(a), and Fig. 5(c) is a 
sectional view as seen in the direction of arrow C-C in 
Fig. 5(a). 
[0020] 



The gear member 30 roughly includes an annular 
portion 31, which is disposed coaxially with the bush 
member 20 at the time of assembly, and a flange portion 
32 integral with the annular portion 31. Gear teeth 31a 
are formed on an outer periphery of the annular portion 
31. A plurality of inward dowels 33a, 33b, 33c, and 33d 
project radially inward from the inner periphery of the 
annular portion 31. Of these plural inward dowels, only 
the inward dowel 33c is shorter in projection length than 
the other inward dowels 33a, 33b, and 33d. Recesses 34a, 
34b, 34a, and 34b are formed between adjoining inward 
dowels 33a, 33b, 33c, and 33d. Further, rectangular holes 
(windows) 35 and 35 to be described later, each for 
insertion therein of the spring damper 45, are formed at 
two positions of the flange portion 32. 
[0021] 

Fig. 6(a) is a right side view of the damper rubber 
member 40 as a component of the balancer driven gear 11, 
Fig. 6(b) is a sectional view as seen in the direction of 
arrow B-B in Fig. 6(a), and Fig. 6(c) is a sectional view 
as seen in the direction of arrow C-C in Fig. 6(a). As 
shown in these figures, the damper rubber member 40 is 
constituted by an integrally molded combination of a pair 
of rubber blocks 41 as elastic blocks and a strip- like 



connecting portion 42 for connection between the rubber 

blocks 41. 

[0022] 

Fig. 3(a) is a right-hand sectional view (a 
sectional view as seen in the direction of arrow A-A in 
Fig. 3(b)) of the balancer driven gear 11 constituted by 
assembling the bush member 20, gear member 30, and damper 
rubber member 40 of the above -described configurations. 
Fig. 3(b) is a sectional view as seen in the direction of 
arrow B-B in Fig. 3(a). 
[0023] 

As shown in Fig. 3(a), the bush member 20 and the 
gear member 30 are disposed coaxially with each other. In 
the assembled state of the bush member 20 and the gear 
member 30, the inward dowel 33a of a large projection 
length on the gear member 30 is positioned in the deep 
recess (trough) 24a formed between the outward dowels 23a 
and 23b on the bush member 20. The inward dowel 33c of a 
small projection length is positioned in the shallow 
recess (trough) 24b formed between the outward dowels 23d 
and 23e. The inward dowels 33b and 33d on the gear member 
are positioned respectively in the recesses 2 5 formed 
between the outward dowels 23b and 23c and between the 
outward dowels 23e and 23f on the bush member. Two rubber 
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blocks 41 and 41 connected through the connecting portion 
42 are fitted in between the outward dowels 23b and 23c 
on the bush member side and the inward dowel 33b on the 
gear member side, and likewise two rubber blocks 41 and 
41 connected through the connecting portion 42 are fitted 
in between the outward dowels 23e and 23f and the inward 
dowel 33d. 

Further, the spring dampers 45 as elastic members 
are respectively fitted into two recesses 26 formed 
between the outward dowels 23c and 23d and between the 
outward dowels 23f and 23a so as to extend to the holes 
(windows) 35 and 35 formed on the gear member. As shown 
in Fig. 3(b), the balancer driven gear 11 thus 
constituted by the assembly of the bush member 20, gear 
member 30, damper rubber 40, and spring dampers 45 are 
fixed with washer 46, conical spring washer 47, washer 48, 
and C-shaped retaining ring 49, and the assembly thereof 
is completed. 
[0024] 

In the balancer driven gear 11 of this embodiment, 
the boss portion 21 of the bush member 20 is fixed to the 
balancer shaft 8 of the balancer device. The gear teeth 
31a of the gear member 30 are in mesh with the balancer 
driving gear 10 fixed onto the crankshaft 4. The rotation 



of the crankshaft 4 is transmitted to the balancer shaft 
8 (see Figs. 1 and 2). In this connection, the damper 
rubbers members 40 and 40 as elastic members are fitted 
in respectively between the outward dowels 23b and 23c on 
the bush member 20 and the inward dowel 33b on the gear 
member 30 and between the outward dowels 2 3e and 2 3f and 
the inward dowel 33d. Further, the spring dampers 4 5 and 
45 as elastic members are fitted in from the recesses 26 
and 26 formed in the bush member to the holes (windows) 
35 and 35 formed on the gear member. Therefore, with 
deformation of these elastic members, vibrations or the 
like transmitted from the crankshaft 4 are damped to 
effect a smooth transfer of torque. The outward dowels 
23a, . . . , 23f and the inward dowels 33a, . . . , 33d fulfill 
the function of stoppers for preventing an overstroke 
within the damper structure. 
[0025] 

In this embodiment, the recesses (troughs) 24a and 
24b are formed on opposite sides with respect to the axis 
of the bush member 20. In the assembled state of the 
balancer driven gear 11, as shown in Fig. 3(a), the 
inward dowels 33a and 33c of the gear member 30 are 
positioned within the recesses (troughs) 24a and 24b, 
respectively. However, in the bush member 20, the recess 
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24b is shallower than the recess 24a. In the gear member 
30, the inward dowel 33a is larger in projection length 
than the inward dowel 33c. Therefore, when an assembling 
method other than the normal method is adopted, for 
example, if an attempt is made to effect assembly in a 

180° -rotated state of the gear member 30 around the axis 
thereof relative to the bush member 20, the tip of the 
dowel 33a, which is large in projection length, comes 
into abutment against the bottom of the shallow recess 
(trough) 24b and cannot be properly inserted in the 
recess 24b. Thus, the dowel 33a cannot be satisfactorily 
received in its normal position. For this reason, it is 
possible to make the assembly in the right way while 
preventing erroneous assembly. Accordingly, the degree of 
freedom in the layout of the internal combustion engine 
is improved without being restricted by gear 
specifications . 
[0026] 

Although in the above embodiment the dowels are 
varied in projection length and are made asymmetric in 
shape, the same effect as above can also be attained by 
changing the peripheral width of the dowels . 
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